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SYSTEM, METHOD, AND COMPUTER
PROGRAM PRODUCT FOR SAVING AND

RESTORING A
COMPRESSION/DECOMPRESSION STATE

FIELD OF THE INVENTION

The present invention relates compressing or decompres-

sion, and more particularly to allocating resources during
compression or decompression.

BACKGROUND

During the compression and decompression of mncoming,
data (e.g. files, etc.), conventional systems typically compress
and decompress each {ile on a first-arrived basis. For example,
such systems may allocate all available resources to com-
press/decompress a {irst incoming file until such processing 1s
finished, after which the system may allocate all available
resources to compress/decompress a second incoming file,
and so forth. Sometimes, 1n a situation where a particular file
1s large, a latency for processing the same may impose an
unacceptable delay 1n processing subsequent files. In such
situations, 1t 1s often desired to pause the processing of the
larger file until later, so that resources may be first allocated to
other smaller files, etc.

There 1s thus a need for addressing these and/or other 1ssues
associated with the prior art.

SUMMARY

A system, method, and computer program product are
provided for saving and restoring a compression/decompres-
sion state. In operation, data 1s processed, the processing
including compressing or decompressing the data. Addition-
ally, a state of the processing 1s saved. Further, the state of the
processing 1s restored.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 shows a method for saving and restoring a compres-
sion-decompression state, in accordance with one embodi-
ment.

FIG. 2 shows a computing environment for saving and
restoring a compression/decompression state, 1n accordance
with one embodiment.

FIG. 3 shows a more detailed diagram of the compression/
decompression engine (CDE) shown 1in FIG. 2, 1n accordance
with one embodiment.

FIG. 4 shows a method for saving and restoring a compres-
sion/decompression state, in accordance with another
embodiment.

FIGS. 5A-5C show a method for saving and restoring a
compression/decompression state, 1n accordance with
another embodiment.

DETAILED DESCRIPTION

FIG. 1 shows a method 100 for saving and restoring a
compression/decompression state, 1 accordance with one
embodiment. As shown, data 1s processed, the processing
including compressing or decompressing the data. See opera-
tion 102.

In the context of the present description, compressing,
refers to any act of compressing data. For example, 1n various
embodiments, the compressing may include, but 1s not lim-
ited to, implementing lossless data compression algorithms
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2

such as Lempel-Zi1v algorithms (e.g. LZ77, LZ78, etc.), Lem-
pel-Ziv-Welch (LZW) algorithms, Burrows-Wheeler trans-
forms (BWT), implementing lossy data compression algo-
rithms, and/or any other compression that meets the above
definition. Furthermore, decompressing refers to any act of
decompressing the data.

As shown further, a state of the processing 1s saved. See
operation 104. In the context of the present description, a state
refers to a condition of the processing. For example, 1n one
embodiment, the state may include information associated
with a status of the processing.

Further, the state of the processing is restored. See opera-
tion 106. As an option, at least a portion of the saving and at
least a portion of the restoring may be carried out simulta-
neously.

More illustrative information will now be set forth regard-
ing various optional architectures and features with which the
foregoing framework may or may not be implemented, per
the desires of the user. It should be strongly noted that the
following information is set forth for illustrative purposes and
should not be construed as limiting 1n any manner. Any of the
following features may be optionally incorporated with or
without the exclusion of other features described.

FIG. 2 shows a computing environment 200 for saving and
restoring a compression/decompression state, 1n accordance
with one embodiment. As shown, the computing environment
200 includes a compression/decompression block (CDB)
202, a fast messaging network (FMN) station 204, and an
input-output (I/O) distributed interconnect station 206. In one
embodiment, the I/0 distributed interconnect station 206 may
be part of a hugh speed distributed interconnect ring which
connects multiple cores, caches, and processing agents. The
high speed distributed interconnect ring may support simul-
taneous transactions among the connected components.

The FMN 204 provides a channel for messages directed to
and from the CDB 202. In some embodiments, the messages
may direct the CDB 202 to perform compression/decompres-
s10n or indicate completion of a compression/decompression
operation. In one embodiment, the CDB 202 1s configured to
compress files for transfer via a bus interface unit (BIU) 208
and to decompress compressed files received via the BIU 208.
Alternatively, other embodiments of the CDB 202 may be
implemented 1n other computing environments 1 which
compressed files may be used.

As shown, the CDB 202 may include the BIU 208, a
translate block (XILT) 210, and a compression/decompression
engine (CDE) 212. The BIU 208 may provide a data interface
to the 1/O distributed interconnect station 206 and the I/O
distributed 1nterconnect ring. The XL'T 210 may provide an
interface between the BIU 208 and the CDE 212. In one
embodiment, the XLT 210 may use 1ts own direct memory
access (DMA) engine to read and write data via the BIU 208,
such that the XLT 210 may operate autonomously from a
central processing unit (CPU) coupled to the computing envi-
ronment 200.

In one embodiment, the CDE 212 may perform compres-
sion and decompression operations for the CDB 202. It
should be noted that, 1n various other embodiments, the CDB
202 may include fewer or more components. Additionally,
other embodiments of the CDB 202 may implement more or
less Tunctionality than 1s described herein.

In operation, software may provide Iree descriptors to the
CDB 202 (e.g. at system start-up). In this case, free descrip-
tors refer to any descriptor associated with a free page in
memory. In one embodiment, these free descriptors may be in
a bufler such as a FIFO builler (e.g. a free descriptor pool

FIFO butfer).
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In various embodiments, this buffer may hold a various
number of descriptors. For example, in one embodiment, the
builfer may hold up to eight descriptors on chip and have the
ability to be extended into memory. This spill region 1n the
memory may be configured in the case that the CDB 202 1s
initialized with more than eight descriptors.

When a compression/decompression message 1s sent from
the CPU to the CDB 102, the message may first be decoded
and a list of data pointers may be retrieved from memory. In
one embodiment, the first pointer 1n the list may point to a
scratch page. As an option, this scratch page may be at least 1
Kbyte and be used by the CDB 202 to store intermediate
results of a compression/decompression process.

In this way, a save and restore feature may be implemented,
which allows the CDB 202 to store the intermediate state of a
first file being processed and work on a second file. When
more data for the first file 1s recerved, the state may be restored
by using the restore feature. The XL'T 210 may then walk

down the list of data pointers fetching the data and sending 1t
to the CDE 212.

The CDE 212 may then perform the transformations on the
data (e.g. compressions/decompressions) and return the data
back to the XLT 210. The XLT 210 may then pop two free
descriptors from the butler. In this case, the first free descrip-
tor may be used for forming a return list. Additionally, the
second descriptor may be the location where the transformed
data 1s written.

If the data does not fit into a single descriptor, then more
free descriptors may be popped from the builer and used to
store the data. When all the transformed data has been written
to memory, the return message may be formed and sent to a
“return bucket.” In this case, the return bucket 1s a field in the
message that was sent from the CPU to the CDB 202. Return
buckets may be associated with CPUs in a multi-processor
system.

For files that use the save/restore functionality, software
may return free descriptors back to the CDB 202 after it has
received a message and read the transformed data. It should
be noted that, for files that use save/restore, free descriptors
may not be sent back to the CDB 202 until the whole file 1s
transformed, as following, segments might point back to data
1n previous segments.

FIG. 3 shows a more detailed diagram of the compression/
decompression engine 212 shown in FIG. 2, 1n accordance
with one embodiment. As shown, the CDE 212 may include a
deflate pipeline 214 and an inflate pipeline 216. In one
embodiment, the deflate pipeline 214 may be utilized to
implement the compression process performed by the CDB
202, also referred to as the deflate process. As shown, the
deflate pipeline 214 may include an input butier 118, LZ77
logic 220, Huffman logic 222, and an output butler 224.

In another embodiment, the inflate pipeline 216 may be
utilized to implement the decompression process performed
by the CDB 202, also referred to as the inflate process. As
shown, the inflate pipeline 216 may include an input butfer
226, Huflman logic 228, L.Z77 logic 230, and an output butifer
232. Although each pipeline 1s shown with individual sche-
matic components, at least some of the components may
operate 1n conjunction with both pipelines 214 and 216 using
a single implementation. Other embodiments of the CDE 212
may include fewer or more components.

For both the detlate pipeline 214 and the inflate pipeline
216, the CDE 212 may support various operating modes,
including static compression, dynamic compression, and no
compression. In one embodiment, a file (e.g., a data file, etc.)
may be split into blocks, where each block may use any of the
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three modes. Hence, the various blocks of a single file may be
compressed using any combination of these three modes.
For the deflate process, splitting the file into blocks may be

performed as a pre-process before the file 1s presented to the
CDB 202 and/or the CDE 212. The CDB 202 may then
compress each block and use bit-stitching to recombine the

compressed blocks 1n the deflated bit stream. For the inflate
process, the deflated bit stream may be 1nput to the CDB 202
and the CDB 202 may decompress the blocks individually. As
an option, the CDB 202 may decompress the blocks individu-
ally according to block header information within the bat
stream.

In one embodiment, the deflate and inflate processes may
cach use two algorithms to achieve compression. For
example, an L2777 algorithm, implemented by the LZ77 logic
220 for the detlate process, may create a dictionary of strings
of bytes that have occurred previously in the file. In one
embodiment, the LZ77 logic 220 may enforce a minimum
string length (e.g. three bytes, etc.) for the byte strings in the
dictionary. The LZ77 logic 220 may then replace strings with
a distance value (e.g. up to 32,768 bytes, etc.) and a length
value (e.g. up to 238 bytes, etc.) for a matching string. If no
match exists, then the incoming byte may be output as a literal
character.

Further, the Huffman logic 222 (for the detlate process)
may implement a Huffman algorithm to replace the literal,
length, and distance codes with codes whose length depends
on the frequency of occurrence of the LZ77 codes in the
block. In one embodiment, the Huftman logic 222 may imple-
ment one of three coding modes. For example, the Huffman
logic 222 may implement static compression, dynamic com-
pression, and no compression.

For static compression, a predefined code may be used.
Static compression coding may be executed relatively
quickly. Dynamic compression coding may use one pass to
create a statistics table of the frequency of occurrence of each
L.Z'77 code and to generate an optimized Huffman code, and
a second pass to make use of the Huflman code to encode the
L.Z'77 data. In this way, a high compression ratio may be
achieved.

Regardless of whether dynamic or static compression 1s
implemented, the Huiiman logic 222 may output a serial bit
stream which may be sent a byte at a time to the XL'T 210. In
some embodiments, the bit stream may be packed with zeros
at the end of the file 1n order to finish on a byte boundary. As
one example, the maximum transfer rate may be approxi-
mately 3.2 Gbps at 400 MHz, although other levels of perfor-
mance may be achieved using other systems.

As a more detailed example of the static compression
mode, the Huffman logic 222 may parse the LZ77 com-
pressed data, replacing symbols with equivalent Huflman
codes and extra length and distance bits. More specifically, a
static lookup table (LUT) may be built upon initialization,
where the LUT may be used to provide a Huitman code for
every literal, length, or distance subsequently presented to it.
In some embodiments, there may be thirty distance codes,
cach having five baits.

Additionally, literal and length codes may be part of the
same LUT (e.g. a 286-entry LU, etc.) or part of a separate
LUT. In one embodiment, each literal and length code may be
seven, eight, or nine bits 1n size. Furthermore, many of the
length and distance codes may have extra data which follows
directly after the code word, which provides a range of pos-
sible lengths or distances. The extra bits may also be used to
define an exact length or distance. However, the number of
extra bits may be a function of the code, with longer codes
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having more extra data values. The Huflman logic 222 may
then output the detlated block, including the compressed data
and other symbols.

With further reference to the dynamic compression mode,
in one embodiment, the Hulfman logic 222 may implement
multiple phases. For example, two phases may be imple-
mented for dynamic Hulflman coding. In the first phase (1.e.
the first pass), the Huftman logic 222 may gather statistics for
cach literal/length code (e.g. 286 codes 1n a 286-entry LUT,
etc.). The Hullman logic 222 may also gather statistics for
cach distance code (e.g. 30 distance codes, etc.).

In the second phase (1.e. the second pass), several opera-
tions may be implemented. In one embodiment, a literal and
length heap may be built, and a literal and length Huifman
tree may be built. Further, the literal and length Huffman code
may be generated. Similar heap, tree, and code generation
operations may also be implemented for the corresponding
distance value and the bit length.

Subsequently, the Huffman logic 222 may output the bit
length code sizes, the literal/length codes using the bit length
code, and the distance code using the bit length code. In one
embodiment, the Hullman logic 222 may parse the literal/
length and distance Huilman codes, replacing code lengths
and repetition counts with equivalent bit length Huflman
codes. Similarly, the Huffman logic 222 may parse the LZ77
compressed data, replacing symbols with equivalent Huil-
man codes and extra length and distance bits. The output
literal/length codes and distance codes are also referred to as
the output bit stream.

It should be noted that some input files, or data such as
embedded 1mage data within a file, may already be 1n a
compressed format. As aresult, the static and dynamic coding
techniques of the Hullman logic 222 may be unable to com-
press such data further without potentially increasing the size
of the compressed data. For these types of mput files, the
Huflman logic 222 may implement a format without further
compression (1.e. the “no compression mode”). In this mode,
the data may be split into blocks, with each block being up to
a defined number of bytes in size (e.g. 65,535 bytes). The
compression process may also add a header for this data type
and output the data stream as configured.

In general, the inflate process 1s the reverse of the detlate
process. However, 1n some cases, additional functionality
may be implemented in one process and not the other. For
example, some embodiments of the inflate process may be
configured to process any valid compressed file, including the
possibility of unlimited block size as well as distances and

lengths up to the maximums specified 1n the mdustry stan-
dards.

Within the inflate process, the Hullman logic 228 may
receive data from the XI'T 210 via the input builer 226. In
some embodiments, the Huffman logic 228 may operate in a
single phase, regardless of whether the data 1s statically or
dynamically encoded. For static decoding, the LUT may be
programmed during imitialization. As an option, a set of com-
parators may be used to determine the length of each incom-
ing literal/length code, which may be a specified number of
bits (e.g. 7, 8, or 9 bits, etc.).

In one embodiment, the distance codes may all be five bits
in length. However, other embodiments may use different bit
lengths for the literal/length and/or distance codes. An oifset
may then be added to the code to put 1t 1nto the correct range
within the LUT. The output of the LUT may provide both the
value of the code and the length of any extra data that 1s
appended
In contrast to the LUT for the static decoding, the dynamic
LUT may be programmed on demand. In some embodiments,
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the Huflman logic 228 may read and store the size (e.g. 1-7
bits, etc.) of each bit length code and determine the sum of
codes of each size for the bit length codes. The Huiiman logic
228 may also determine the start code for each code size for
the bit length codes. The Huflman logic 228 may then write
the bit length LUT.

Using the bit length LU, the Huffman logic 228 may read
and store the size (e.g. 1-15 bits, etc.) of each literal/length
code and determine the sum codes of each size for the literal/
length codes. The Huilman logic 228 may also determine the
start code for each code size for the literal/length codes. The
Huflman logic 228 may then write the literal/length LUT.

The Hullman logic 228 may also use the bit length LUT to
read and store the size (e.g. 1-15 bats, etc.) of each distance
code and to determine the sum of codes of each size for the
distance codes. The Huflman logic 228 may also determine
the start code for each code size of the distance codes and then
write the distance LUT.

Like the static LUT, a set of comparators may be used to

determine the size of each incoming literal/length and dis-
tance code. In one embodiment, fourteen comparators may be
used, 1n the case that the size varies from 1 to 15 bits. Other
embodiments may use other quantltles of comparators.
The output of the LUT may give both the value of the code
and the length of any extra data that 1s appended. Together the
code and extra data may be used to recover the length or
distance value. In some embodiments, literals may be treated
like lengths but have no extra data. In this way, the original
L.Z'77 sequence may be recovered and output to the LZ77
logic 230 of the intlate pipeline 216.

The LZ77 logic 230 may then reconstruct the original file
data and send the original file data via the output buifer 232 to
the XL'T 210. In one embodiment, the LZ77 logic 230 may use
the same bulfer (e.g. a 32 Kbyte bulfer, etc.) used by tile LZ77
logic 220 of the detlate pipeline 214. In this case, the LZ77
logic 230 may use the buffer as the source of the strings
specified by the distance and length codes provided by the
Huflman logic 228 of the inflate pipeline 216. Each decoded
byte may be output to the XLT 210 and written to the butfer.
In this manner, the previous set number of bytes of data (e.g
32 Kbytes of data, etc.) may always be available for reference.

In one embodiment, the CDB 202 may be designed to
perform either deflate or inflate sequentially, not both at once.
To make 1t easier to deal with long files which could provide
a bottleneck, the CDB 202 architecture may allow a “context
save” to be performed, followed at some arbitrary time later
by a “context restore” 1n order to continue (or complete) the
stream.

For deflate, the CPU may divide the blocks and decide the
type of encoding to use for each block (e.g. static, dynamic, or
non-compressed). The CPU may also decide where to switch
to another stream. In one embodiment, the switch may occur
at a block boundary. In this way, the CDB 202 and/or the XL T
210 may save a bit position and partial byte data for bait-
stitching the blocks together.

In one embodiment, a save operation during the deflate
process may be performed at block boundaries of the file. For
dynamic blocks, saves may always occur at the end of the
second pass. In another embodiment, a save and restore dur-
ing the deflate process may always occur on block bound-
aries, with no special processing by the CDE 212 being
implemented.

In the case that a save occurs on a block boundary, current
dynamic Huffman code does not need to be reloaded. Further,
as an option, distance codes may not be allowed to straddle
blocks. Thus, the bufter does not have to be re-initialized with

warm-up data (1.e. data for initializing the butier). In this way,
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apart from some context for bit-stitching by the XL'T 210, the
restore may look similar to the beginning of any other block.

With respect to implementing a save operation during the
inflate process, context may be saved for reloading the
dynamic Huffman tables, re-initializing the butifer (e.g. the 32
K-byte builer), and for continuing the decoding of the bit
stream from where the decoding was interrupted. To enable
reloading the Huflman tables 1n the case of a dynamic Huil-
man coding, the inflate pipeline 216 may send out any Huil
man preamble the intlate pipeline 216 receives to the XL'T 21 0
to store 1n a scratch page for later recovery. In some cases, the
only difference 1n the bit stream that the inflate pipeline 216
receives and the output bit stream, 1s that the output preamble
may start out byte aligned.

Additionally, 1n some cases, the output preamble may be
partial data because the save may occur while the preamble 1s
being received. In that situation, a bit 1n a context word may
indicate that the preamble was partial. In this case, the feed-
back data may be sent via the deflate output butier 232.

In one embodiment, the XI'T 210 may save pointers to the
previous 32 K-bytes of the inflated buifer data in the scratch
page so that on restore the data may be retrieved to allow the
buffer to be re-mitialized. Additionally, an 8-byte context
word may be created which allows the input stream state to be
recovered, such that the inflate process may later continue
from where the process was mterrupted. In this case, the CPU
may not have any mformation about the incoming stream,
with the exception of the amount of data that has been
received.

Because of the Hulfman coding, the CPU may not be able
to distinguish the location of the block boundaries. Thus, a
context save may occur anywhere 1n the bit stream, either 1in
the preamble data, or in the compressed data itself. Save logic
may be utilized to resolve every eventuality.

To accomplish this, the save logic may maintain a save
butler (e.g. a 6-byte butler, etc.) which holds the last N bytes
(c.g. 6 bytes, etc.) of incoming inflate data and a counter
which determines how many of these bits (e.g. 48 bits, etc.)
have been committed by being sent to the LZ77 logic 230 and
accepted. In some cases, sending a length code without a

the stream stops without a complete length plus distance, then
the save count may include both code lengths until the dis-
tance code 1s accepted.

Similarly, there may be no way of knowing whether there
are sulilicient bits to perform a look-up in the Huffman LUT
unless the L7777 logic 230 has the full number of bits expected
(e.g.the 7 or 15 bits expected). If the LZ77 logic 230 does not
have the full number of bits expected, the logic may not
attempt the look-up and all the remaining bits may be saved.
In one embodiment the total number of saved bits may
include 15 bats for the length code, 15 bits for the distance
code, a maximum of 5 bits of length extra data and a maxi-
mum of 13 bits of distance extra data, less one bit (thereby
preventing the look up) a total of 47 bats.

In one embodiment, a save during the 1nflate process may
be performed each time a dynamic inflate preamble 1s
received. In this case, the preamble data may be sent to the
pipeline output buffer 232, where the data 1s sent back to the
XLT 210. As an option, the saved preamble may be byte-
aligned at the beginning, whether or not the incoming data 1s
aligned.

Subsequently, 11 a save 1s requested, two cases may be
handled. For example, if the save request follows the pre-
amble, then the XI'T 210 has already received and stored the
entire preamble (1.e. a full save). If a save 1s requested during
the preamble, then a partial save results. In either case, the

distance code may be no value to the LZ77 logic 230. Thus, 1f
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CDB 202 may send a context word (e.g. an 8-byte context
word) which contains any fragmentary data remaiming (up to
4’7 bits), the length of the fragmentary data (as a bit count), the
state of the inflate pipeline 214, the type of data (dynamic,
static, or non-compressed), and a bit to distinguish the full and
partial save types.

With respect to the inflate process, the restore begins by
sending restore data. The XLT 210 may use a data type
indication which may indicate normal, restore, or warm-up
data. The restore data may be treated much like normal data
except 1t will be known that only the LUTs are beings pro-
grammed and compressed data should not be expected. If the
save was partial, the restore may run out of restore data before
the LUTs are fully programmed, and may have to continue
programming them when the normal data 1s received.

The XL'T 210 may then send the warm-up data to re-

mitialize a 32-kbyte Byte Butler 234. It should be noted that,
although the Byte Buifer 234 1s shown as part of the CDE 212,
in another embodiment the Byte Buller 234 may be separate
from the CDE 212. For example, 1n one embodiment the Byte
Buifer 234 may be included as part of the CDB 202.
The warm-up data may be sent much like the normal inflate
data, however with a different data type indication. The
deflate pipeline 214 will recognize this data type, and put the
data 1n the Byte Bufler 234 in the same way 1t would for
normal deflate data but without doing any deflate operations.
At the end of the warm up data, the XLT 210 may make a
restore request which causes the context word (e.g. the 8-byte
word) to be read back and the mput bufier 226 and an intlate
state to be reset to a state that was present before the save
occurred.

Finally, the XLT 210 will be ready to send normal data. The
CDE 212 will etther continue programming the LUTSs 11 the
save was partial, or begin looking up codes 1f the save was
tull. At this point, the input buifer 226 could be empty or there
may still be data waiting to be processed. However full the
input butler 226 may be, there should still be room for the
maximum 47 bits of restore data to be added without 1t over-
flowing. In one embodiment, for each compression type, a
maximum of 8 bytes may be stored 1n the input butfer. This 1s
suificient because 1n the worst case the buifer will have at
most 17 bits of data (1.e. 17 bits of data representing a static
distance code of 5 bits plus 13 bits of extra data, less one bit,
which prevents the distance code from being looked up).

Whether a full or partial restore was performed, the CDB
202 will continue from where 1t was halted. It should be noted
that the CDB 202 receives only data to be deflated or the bit
stream data portion of packets to be inflated. In one embodi-
ment, header information and cyclic redundancy check
(CRC) data may be stripped (e.g. by software) from inflate
packets before sending the raw intlate data to the CDB 202.

Whether deflating or inflating, data may be sent to a CRC
block within the CDB 202 which computes both an Adler
checksum and a CRC value. These checksums may then be
written to the scratch space and may be available for software
to either append to a deflate packet or compare with an intlate
packet checksum.

FIG. 4 shows a method 400 for saving and restoring a
compression/decompression  state, in accordance with
another embodiment. As an option, the present method 400
may be implemented 1n the context of the functionality and
architecture of FIGS. 1-3. Of course, however, the method
400 may be implemented 1n any desired environment. Again,
the atorementioned definitions may apply during the present
description.

In operation, data 1s processed by compressing or decom-
pressing the data. In this case, the processing may be facili-
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tated by communication of one or more messages 402,
including various information, from a CPU to a compression/
decompression block. Table 1 shows various information that
may be included 1n the message 402, 1n accordance with one

embodiment. 5
TABLE 1
Bits Field Description
63:62  Rsvd RESERVED 10
61 ReadX Read Exclusive bit
60 Dil 1 = Deflate
0 = Inflate
59:54 RET_BKT Buckets per CPU
0-7: cpul
8-15: cpul 15
53:40 Length Number of descriptors in memory

39:0 SRC__ADDR Pointer to list of descriptors

In this case, the SRC_ADDR field may point to a list of

descriptors in memory. Table 2 shows a list of descriptors in 20
accordance with one embodiment. Table 3 shows definitions

tor the descriptors in Table 2.

10

embodiment, the state of the processing may be saved so that
other data can be processed. In this case, the state of the
processing may be restored once the other data 1s processed.

As an option, the state of the processing may be restored
utilizing a direct memory access operation. As another
option, the data structure 404 may further include error cor-
rection information. In one embodiment, the error correction

information may be utilized 1n conjunction with processing
the data.

With reference to Table 2, 1f the “Restore” bit 1s set then the
first pointer 1s associated with the scratch page 406. In this
case, the scratch page 406 may hold data used by the com-
pression/decompression block to store or retrieve intermedi-
ate results. In various embodiments, intermediate results may
be a partial CRC, a partial Adler checksum, and/or dynamic
Huilman codes.

As an option, the next set of descriptors following the
scratch page descriptors may be associated with warn up data.
This data may be used by the compression/decompression
block for warming up a dictionary (e.g. a buffer, etc.) associ-
ated with tile block. The SOD (Start of Data) bit may be set for

the page where the first data starts.

TABLE 2
EOF Typel TypeO SOD SOB Save Restore EOB Length Address Description
63 62 61 60 59 58 57 56 55:40 39:0 Bit position in a 64 bit descriptor
0 0 0 0 0 0 1 0 Length SCRATCH SCRATCH_PAGE_ ADDR  First descriptor points to
scratch page
0 0 0 0 1 0 0 0 Length WO ADDR__ WO
0 0 0 0 0 0 0 0 Length W1 ADDR_ W1
0 0 1 1 1 0 0 0 Length_ O ADDR_ 0O Huffman Block 1
0 0 1 0 0 0 0 1 Length 1 ADDR_1 Huffman Block 1
0 1 0 0 1 0 0 0O Length_ 2 ADDR_ 2 Huffman Block 2
0 1 0 0 0 0 0 1 Length_ 3 ADDR_ 3 Huffman Block 2
0 0 0 0 1 0 0 0 Length 4 ADDR_4 No Compression Block
1 0 0 0 0 0 0 1 Length 5 ADDR_ 5 No Compression Block
TARI E 3 For dynamic deflate the descriptors may have to be

EOF - End Of File
{Typel, TypeO} - Useful for deflate. For inflate, the incoming data has
to be decoded to determine the Block type.
00 - No Compress Block
01 - Static Huffman
10 - Dynamic Huffman - pass 1
11 - Dynamic Huffman - pass 2
SOD - Start of Data
SOB - Start of Block. Useful for deflate.
Save - Save Context. This may be set only on the last entry of the
descriptor List.
Restore - Restore Context. This may be set only on the First entry of the

descriptor list.
EOB - End of Block. Useful for deflate.
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Once recerved, the message 402 may then be decoded and
a list or data structure 404 including data pointers may be
retrieved from memory using a DMA operation. As shown, a
first pointer 1n the data structure 404 points to a scratch page
406. Additionally, the data structure 404 and/or the scratch
page 406 may include a preamble of the data. In this case, the
preamble may include information associated with the data.
Further, the preamble may include a last-received preamble.

The scratch page 406 may be utilized to store intermediate
results of the compression/decompression. For example in
case ol decompression, the scratch page may store RO-RN,
which are pointers to the decompressed data output from the
CDE. In this way, a state of the processing may be saved in the
scratch page 406. The data structure 404 may contain the
pointer to this scratch page 1n the first entry of the list. In one

55
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repeated twice. In this case, all descriptors starting with the
Start of Block (SOB) and ending with End of Block (EOB) of
cach dynamic detlate may be repeated 1n the same sequence.
The last descriptor in the list may or may not have the SAVE
bit set. If the SAVE bit 1s set, the intermediate results may be
stored back into the SCRATCH PAGE ADDR.

FIGS. SA-5C show a method 500 for saving and restoring,
a compression/decompression state, i accordance with
another embodiment. As an option, the present method 500
may be implemented 1n the context of the functionality and
architecture of FIGS. 1-4. Of course, however, the method
500 may be carried out 1 any desired environment. Further,
the atorementioned definitions may apply during the present
description.

As shown, data 1s stored in memory. See operation 502.
Further, memory 1s allocated for a list (i.e. a data structure).
See operation 304. In one embodiment, the memory may be
allocated by a CPU.

Additionally, the list 1s defined. See operation 506. In one
embodiment, defining the list may include setting a first entry
in the list equal to a scratch page. In another embodiment,
defining the list may include setting a plurality of entries
equal to the data. For example, the list may include a first
entry “0” pointing to the scratch page and a plurality of entries
“1 through N” pointing to data entries.

Once the list 1s defined, the list 1s sent to a compression/
decompression block (CDB). See operation 508. In this case,
the list or information pointing to the list may be included in
amessage that1s sent. In one embodiment, the list may be sent

utilizing the CPU.
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Once the message 1s sent to the CDB, 1t 1s determined
whether the message 1s recetved by the CDB. See operation
510. In various embodiments, the message may be recerved
utilizing a variety of devices. For example, in one embodi-
ment, the message may be received using a bus interface unit
and/or a translate block as illustrated 1n FIG. 2. Furthermore,
the message may be different formats in various embodl-
ments.

If 1t 1s determined that a message 1s recetved, a DMA
operation 1s performed. See operation 312. Further, a scratch
page associated with the message 1s read. See operation 514.
Once the scratch page 1s read, a context associated with the
scratch page/list 1s sent. See operation 516. In one embodi-
ment, the context may be sent to a compression/decompres-
s101 engine.

Once the context 1s sent, 1t 1s determined whether a pre-
amble 1s present 1n the scratch page (e.g. see the scratch page
406 of FIG. 4). See operation 518. IT a preamble 1s present, the
preamble 1s read and the preamble 1s sent to the compression/
decompression engine. See operations 520 and 522. In this
case, the preamble may be read using a DMA read.

Further, it 1s determined whether warm-up data 1s present.
See operation 524 of FIG. 5B. In this case, the warm-up data
may refer to the entries RO-RN shown in the scratch page 406
of F1G. 4. If warm-up data 1s present, the warm-up data 1s read
and the warm-up data 1s sent to the compression/decompres-
s1on engine. See operations 526 and 528. In this case, the
warm-up data may be read using a DMA read. Additionally,
the warm-up data may include any data that 1s pointed to by
descriptors included in the list.

It should be noted that operations 518 through 528 occur
when a restore process 1s being implemented. In the case that
a restore 1s not being implemented, such operations may be
omitted. In one embodiment, a bit may be included 1n the
message idicating whether a restore process 1s to be 1mple-
mented.

Once the warm-up data 1s read, new data 1s read and sent.
See operations 530 and 3532. In this case, the new data refers
to data that has not yet been read. For example, the new data
may be data associated with a new message. Once the new
data 1s read, it 1s then determined whether the new data
includes a new preamble. See operation 534. If a new pre-
amble 1s present, the old preamble 1s overwritten 1n the
scratch page. See operation 536.

Additionally, 1t 1s determined whether inflated data from
the compression/decompression engine 1s present. See opera-
tion 538. As shown, determiming whether inflated data 1s
present may occur in parallel with operations 534 and 536.

If inflated/detlated data 1s output from the CDE, a free page
1s popped out of a bulfer (e.g. a FIFO) to store the list. See
operation 540. Further, a descriptor 1s stored to the list. See
operation 542. In this case, the descriptor may include an
address of the last free page popped from the butfer.

In addition, i1f inflated/deflated data i1s output from the
CDE, another free page 1s popped 1n the bulfer. See operation
544 of FI1G. 5C. The data 1s then written 1nto the free page. See
operation 346. It 1s then determined whether all the data 1s
written and/or whether the page 1s full. See operation 548. IT
the page 1s full, another free page 1s popped and the data 1s
written to this new page.

Further, the same descriptors stored to the list are stored in
the scratch page. See operation 550. Still yet, a first cache line
of the scratch page 1s written. See operation 552. In this case,
data written to the first line of the scratch pace may include
information indicating whether the list 1s associated with a
save or restore operation. Additionally, the data written to the
first line of the scratch page may include CRC data and/or an
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Adler checksum. Once the first cache line of the scratch page
1s written, the message 1s returned, the message pointing to
the list. See operation 554.

In this way, a save and restore feature may be implemented,
which allows the intermediate state information of a first file
being processed to be stored and allows work on a second file
to proceed. While various embodiments have been described
above, 1t should be understood that they have been presented
by way of example only, and not limitation. Thus, the breadth
and scope of a preferred embodiment should not be limited by
any of the above-described exemplary embodiments, but
should be defined only 1n accordance with the following
claims and their equivalents.

What 1s claimed 1s:

1. A method, comprising:

using a processor to perform compression or decompres-

ston of a first incoming file;

pausing the compression or decompression of the first

incoming file by saving a state of processing 1n a
memory;
compressing or decompressing a second incoming file on a
different stream than the first incoming file while the
compression or decompression of the first incoming file
1s paused, wherein the first incoming file and the second
incoming file are bit stream data arriving sequentially on
a processing list; and

in response to recerving a remainder of the first incoming,
file, restoring the state to resume the compression or
decompression of the first incoming file for the remain-
der of the first incoming file.

2. The method of claim 1, wherein the state of the process-
ing 1s stored 1n a data structure.

3. The method of claim 2, wherein the data structure
includes error correction information.

4. The method of claim 2, wherein the data structure
includes a preamble of data associated with the first incoming
file.

5. The method of claim 4, wherein the preamble 1includes a
last-recerved preamble.

6. The method of claim 2, wherein the data structure
includes pointers to data associated with the first incoming
file.

7. The method of claim 1, wherein the state of the process-
ing 1s restored utilizing a direct memory access operation.

8. The method of claim 1, wherein at least a portion of the
saving and at least a portion of the restoring are carried out
simultaneously.

9. The method of claim 1, wherein the state of the process-
ing 1s restored once the second incoming file 1s processed.

10. The method of claim 1, wherein the first incoming file
1s associated with a first stream and the second 1ncoming file
1s associated with a second stream.

11. A system, comprising:

a processor to compress or decompress a first incoming,

file;

a memory to save a state of processing when pausing

compression or

decompression of the first incoming file; and

the processor to compress or decompress a second 1ncoms-

ing file on a different stream than the first incoming file
while the compression or decompression of the first
incoming file 1s paused and to restore the state to resume
compression or decompression of a remainder of the
first incoming file 1n response to receiving the remainder
of the first incoming file, wherein the first incoming file
and the second incoming file are bit stream data arriving
sequentially on a processing list.
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12. The system of claim 11, wherein the state of the pro-
cessing 1s stored 1n a data structure.
13. The system of claim 12, wherein the data structure

includes error correction information.
14. The system of claim 12, wherein the data structure
includes a preamble of data associated with the first incoming

file.

15. The system of claim 14, wherein the preamble includes

a last-received preamble.

16. The system of claim 12, wherein the data structure
includes pointers to the data associated with the first incom-
ing file.

17. The system of claim 11, wherein the state of the pro-
cessing 1s restored utilizing a direct memory access operation.

18. The system of claim 11, wherein at least a portion of the
saving and at least a portion of the restoring are carried out
simultaneously.

19. A computer program product embodied on a non-tran-
sitory computer readable medium, the non-transitory com-

puter readable medium having stored thereon a sequence of

instructions which, when executed by a processor, causes the
processor to execute a process, the process comprising:

5

10

15

14

performing compression or decompression of a first

incoming file;

pausing the compression or decompression of the first

incoming {ile by saving a state of processing in a
memory;
compressing or decompressing a second incoming file on a
different stream than the first incoming file while the
compression or decompression of the first incoming file
1s paused, wherein the first incoming file and the second
incoming file are bit stream data arriving sequentially on
a processing list; and

in response to recerving a remainder of the first incoming,
file, restoring the state to resume the compression or
decompression of the first incoming file for the remain-
der of the first incoming file.

20. The computer program product of claim 19, wherein
the state of the processing 1s restored utilizing a direct
memory access operation.

21. The computer program product of claim 19, wherein at

20 least a portion of the saving and at least a portion of the

restoring are carried out simultaneously.
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